Background: Tranexamic acid and vitamin C derivatives are important reagent used in cosmetic skin-whitening products. Recently, self-perceptions regarding improvement in facial skin status have been increasingly recognized as an important outcome of whitening cosmetic products intervention. Aims: The purpose of the study was to determine the receptiveness of objective and self-perceived facial skin status using whitening cosmetic products. Methods: A total of 40 volunteers were photographed using the Visia ® machine and completed questionnaires at pre-and post-operation (8 weeks after receiving whitening cosmetic products). Visia ® digital image analysis and questionnaires were used for assessment of facial skin status. The receptiveness of objective and self-perceived measures was assessed by paired t test and Effect Size (ES) 
Introduction
Several whitening agents such as hydroquinone, etinoic acid, tranexamic acid, vitamin C derivatives, 4-n-butylresorcinol, a-hydroxy acid and niacinamide have been used in cosmetic products but sometimes with side-effects [1] - [4] . Furthermore, tranexamic acid is effective on the skin in healing of wounds and has whitening effects [5] - [8] . Particularly, vitamin C derivatives such as sodium ascorbyl phosphate have been found antioxidant and anti-aging effects and can be used in many kinds of cosmetics. Examples for vitamin C derivatives and tranexamic acid in cosmetics products are skin-whitening lotions, creams, milky lotions, facial packs and scalp care cosmetics [9] . Sensitive detection and determination of tranexamic acid is thus of interest not only in cosmetics but also in clinical and pharmaceutical samples [10] [11] .
Reviewing the literature, Visia ® digital image analysis machine is commonly to evaluate objective assessments of facial skin status after several related clinical facial treatments [12] - [18] . In addition, participants' perceptions regarding improvements in facial skin status are increasingly recognized as an important outcome of cosmetic products intervention. There are limited studies observed both changes of objective and self-perceived assessments in whitening cosmetic products intervention.
The aim of this study was therefore to assess the receptiveness of the objective and self-perceived facial skin status using whitening cosmetic products by Taiwanese female adults.
Materials and Methods

Study Design
There are many methods to assess the efficiency of whitening or spot-removing materials [14] . Visia ® digital image analysis machine is a common and validated clinical image machine used to evaluated objective assessments of facial skin in clinical facial treatments [12] - [18] . The study selected this machine to assess objective measures for facial skin status. The self-perceptions regarding improvements in facial skin status have been increasingly recognized as an important outcome for cosmetic products intervention. There is limited study observed changes of self-perceived assessments in cosmetic products. Our study developed five questions to assess the severity of self-perceived facial skin status contrast to aspects of objective facial skin status assessed by the Visia ® machine. Additionally, the self-perceived questionnaire was assessed to be a reliable (Cronbach's alpha: 0.82) and valid measurement in this study.
This longitudinal study collected 40 volunteers aged 30 -65 years working in the Kaohsiung Medical University or Kaoshiung Medical University Chung-Ho Memorial Hospital, presenting with pigmented spots, dyschromia or pigmentary disorders caused by solar exposure such as melasma and/or lentigo senilis, but not ephelides, nevus spilus or lentigo simplex, were recruited in the study. Persons on long-term treatment with anti-histamines, steroids or beta-blockers, and having a skin disease of the face, were excluded.
The use of cosmetic products except the exposure to sunlight (natural or artificial) in excess of habitual exposure was prohibited during the 8 weeks preceding and during the study period.
Participants accepted a bottle of whitening cosmetic product. They were photographed using the Visia ® machine and completed questionnaires at pre-and post-operation (approximately 8 weeks after receiving cosmetic products). For safety reasons, if there was any uncomfortableness caused by the cosmetic product, the participant was allowed unconditionally to quit the job in the study.
This study was approved by the Institutional Review Board (Human Experiment and Ethics Committee, Kaohsiung Medical University Hospital, MUH-IRB-20130176).
Ingredients of Whitening Products
Contains active of the whitening serum is included tranexamic acid 2.5%, Sodium ascorbyl phosphate 0.5%, glutathione 0.005% and Hyaluronic acid 0.5%. The serum (60 ml) was pumped once to apply as regular serum every morning and evening during the study period (8 weeks).
Clinical Evaluation
On pre-and post-visits the face of the volunteer was photographed using a digital image analysis machine with polarized light (Visia ® , Canfield Imaging System -Fairfield, EUA). Intent on capturing five skin properties (surface spot, red area, wrinkles, texture and pores), the objective of this study, we used the photographic image obtained with the ultraviolet lamp of the machine. Photographs were taken as proofs with the facing forward, 45˚ to the right and 45˚ to the left, combining all the facial regions analyzed for the presentation of results. The variables studied were count (number) of the five skin properties, as determined by the machine.
Questionnaire Survey
Five questions were developed to assess the severity of facial skin status contrast to aspects of objective facial skin status determined by the Visia ® machine, and it is validated by cosmetic experts and dermatologists. Participants were asked how severely they had facial skin problems (pigmented spots, rough complexion, red complexion, wrinkle and obvious pores) at pre-and post-operation. Each question was calculated on 5-point severity scores (1 -5). More serious problem was indicated by higher scores.
Statistical Analysis
The statistical analysis of the study was conducted by using the software SAS ® 9.2 (SAS Institute Inc., Cary, NC, USA).
Internal consistency (reliability) was assessed for the self-perceived facial skin status questionnaire by Cronbach's alpha. The paired t test was used to evaluate mean changes in objective and self-perceived outcome measures with respect to cosmetic products intervention. Cohen's standardized Effect Size (ES) [19] , calculated by dividing the mean of the difference in pre-and post-operative scores by the standard deviation of the pre-treatment score, was computed to evaluate the receptiveness of different measurements. ES could be considered as several levels of clinical meaningfulness (small: 0.2 ≤ ES < 0.5; moderate: 0.5 ≤ ES < 0.8; large: 0.8 ≤ ES).
Result
A total of 40 aged from 30 -65 years were recruited. Each participant completed both pre-and post-questionnaires, and received cosmetic products with tranexamic acid (60 ml).
For objective evaluation, receptiveness of facial skin status assessed on cosmetic products intervention was presented in Table 1 . In general, there were significant differences between numbers of surface spot, wrinkles, Table 1 . Receptiveness of objective facial skin status using whitening cosmetic products for Taiwanese female (n = 40). The internal consistency analysis of the questionnaire resulted in a Cronbach's alpha of 0.82. Alpha value decreased when any item was deleted. Considering item-total correlations, all items were above 0.50 ( Table 2) .
In terms of self-perceived assessment ( Table 3) , receptiveness of self-perceived facial skin status using whitening cosmetic products was showed in Table 3 . In general, there were significant differences between pigmented spots, rough complexion, red complexion, wrinkle and obvious pores with regard to pre-and post-operation (paired Table 3 . Receptiveness of self-perceived facial skin status using whitening cosmetic products for Taiwanese female (n = 40). .0001 respectively). The mean change in pigmented spots, rough complexion, red complexion, wrinkle and obvious pores were 0.70, 0.65, 0.48, 0.55 and 0.78 from pre-operation to post-operation. Moreover, the ES of the pigmented spots, rough complexion, red complexion, wrinkle and obvious pores were 0.75, 0.76, 0.41, 0.58 and 0.75, all effect size were above 0.50 showed at least a moderate improvement except ES of red complexion. Among 30 -50 years participants, there were significant differences between pigmented spots, rough complexion, red complexion, wrinkle and obvious pores with regard to pre-and post-operation (paired t test p-values: <0.0001, 0.0006, 0.0247, 0.0037 and <0.0001 respectively). The ES of the pigmented spots, rough complexion, red complexion, wrinkle and obvious pores were 0.88, 0.81, 0.46, 0.53 and 0.92. Particularly, the ES of pigmented spots, rough complexion and obvious pores were above 0.80 showed at least a large improvement. For 50 -65 years participants (n = 15), there also were significant differences between pigmented spots, rough complexion and wrinkle with regard to pre-and post-operation (paired t test p-values: 0.0266, 0.0156 and 0.0148 respectively). The ES of the pigmented spots, rough complexion and wrinkle were 0.56, 0.72 and 0.70, and they were above 0.50 showed at least a moderate improvement except ES of surface spot.
Discussion
Limited studies have followed longitudinally the receptiveness of objective and self-perceived facial skin status using cosmetic products. In the present study, there were improvements not only in surface spot, wrinkles, texture and pores facial skin status, but also in self-perceived pigmented spots, rough complexion, red complexion, wrinkle and obvious pores facial skin problems after using whitening cosmetic products. It has recently been proposed that tranexamic acid is not only a synthetic antifibrinolytic agent but also a whitening ingredient in cosmetics [10] [20] . In addition, antioxidants are becoming increasingly important in whitening cosmetics according to their anti-inflammatory effects. Particularly, 3% sodium ascorbyl phosphate is a stable antioxidants in a cosmetic oil-in-water emulsion and enable a good release of the active agent in vitro as a precondition for a high efficacy in vivo [21] [22] . In present study, the whitening efficacy products contains both tranexamic acid and sodium ascorbyl phosphate active ingredients were provided participants, and then observing the changes in self-perceived and objective facial skin status.
There is recent information regarding the investigation into the effect of vitamin C derivatives and tranexamic acid in cosmetic products [3] . In this study, the surface spot, wrinkles, texture and pores were significant improvements after using whitening cosmetic products. However, red facial skin wasn't proven improved. Compared with younger participants (30 -50 years), older participants (>50 years) had lager changes in aspects of wrinkles, texture and pores because their facial skin were worse at baseline. For self-perception, participants also felt that aspects of pigmented spots, rough complexion, red complexion, wrinkle and obvious pores problems were improved, in, particular, the improvements in pigmented spots, rough complexion, and obvious pores problems were larger. Compared with older participants (>50 years), younger participants (30 -50 years) had more self-perceived improved aspects of facial skin status such as red skin and obvious pores problems. Maybe younger females pay more attention to their appearance, and further they feel more changes in their facial skin. The results of our study could be provided as available information for cosmetic investigations.
This study had a limitation. There was no control group in this follow-up study, and hence the receptiveness cannot be considered as effectiveness for whitening cosmetic products in objective and self-perceived facial skin status. Therefore, future research may be required to explore effectiveness of whitening cosmetic products in self-perceived outcomes.
Conclusion
It was found in the study that whitening cosmetic products could improve surface spots, wrinkles, texture and pores facial skin status. In terms of participants' self-perceived facial skin status, there were also significant improvements in aspects of pigmented spots, rough complexion, red complexion, wrinkle and obvious pores. People at different age levels could feel about how the products help their facial skin in different ways. These results are relevant for cosmetic experts and dermatologists who wish to draw on scientific evidence about the benefits of cosmetic products when advising consumers about whether or not the products will improve their facial skin status.
